Tricholoma nudum is approximately equivalent to fodder yeast in protein content (Reusser et al., 1957a) . Its mycelium is nontoxic to animals (J. M. Bell, Personal Communication) and grows well on waste sulfite liquor. This communication reports the results of a study of this mushroom in which factors influencing its growth and protein yield, and hence its potential nutritive value, have been examined more closely.
MATERIALS AND METHODS
Cultural Methods A culture of Tricholoma nudum strain NRRL 2371, obtained from Dr. C. W. Hesseltine, U. S. Department of Agriculture, Peoria, Illinois, was maintained on malt agar slants at 15 C.
Media. Unless otherwise stated, the basal medium contained per L: 0.5 g MgSO4* 7H20, 3 mg FeSO4 7H20, 3 mg ZnSO4. 7H20, 2 mg MnSO41 H20, 50 mg CaCl2, 0.5 mg thiamin, 1.0 mg pyridoxine and 1.0 mg p-aminobenzoic acid. Other constituents were added to this medium as shown.
Inoculum for flask culture was grown in 5 per cent malt extract broth and prepared by shaking with glass beads as previously described (Reusser et al., 1957a) .
Inoculum for the stirred fermentors was grown in 500-ml Erlenmeyer flasks containing 300 ml of basal medium to which 40 g glucose monohydrate, 8 g ammonium tartrate, and 1 g monobasic potassium phosphate per L were added. The flasks were incubated at 25 C on a rotary shaker having an eccentricity of 12 in., operated at 240 rpm.
Fermentations
Stationary cultures for the study of utilization of carbon and nitrogen sources were grown in 250-ml Erlenmeyer flasks containing 40 ml of medium and were incubated at 25 C. The medium for study of carbon source utilization contained the basal constituents plus 1 g ammonium sulfite and 0.5 g monobasic potassium phosphate per L. The different carbon sources were added to this medium in concentrations of 10 g per L. The basal medium plus 60 g glucose monohydrate and 1 g monobasic potassium phosphate was used for Shake-cultures were grown in 500-ml Erlenmeyer flasks containing 200 ml medium and were incubated at 25 C on a rotary shaker having an eccentricity of M in., operated at 240 rpm.
Large scale fermentations were run in 5-L stainless steel fermentors (Roxburgh et al., 1956) or in 30-L stainless steel fermentors of similar design.
Analytical Methods
Reducing sugars were determined colorimetrically with the alkaline copper reagent of Somogyi (1945) and the arsenomolybdate reagent of Nelson (1944) .
Total carbohydrates in the molasses were determined colorimetrically by the anthrone method. The above two methods are described in detail by Neish (1952) .
Dry weight of mycelium was determined after filtering the fermented broth through a fine stainless steel screen, washing the pad of mycelium thoroughly with distilled water and drying it under vacuum at 60 C for 24 to 48 hr.
Total nitrogen was determined by the micro-Kjeldahl method (A.O.A.C., 1955) and the formula protein = total nitrogen X 6.25 used to calculate crude protein. This factor is arbitrary. However, if the approximate nature of the data obtained in this way is kept in mind, comparisons between treatments may be made.
Crude fats were determined gravimetrically after continuous ether extraction of the dried mycelium for 16 hr.
Essential amino acids were determined quantitatively by one-dimensional ascending paper chromatography (Matthias, 1954; Reusser et al., 1957b) . RESULTS Utilization of Carbon and Nitrogen Sources In order of decreasing yield of dry matter the following substrates were utilized: pyruvate, xylan, sucrose,
salicin, lactose, L(-)sorbose and cellulose. Growth on cellulose was very slow. It is interesting to note that vanillin, syringaldehyde and p-hydroxybenzaldehyde, normally present in lignin hydrolysates, were not utilized, even though T. nudum normally grows in locations rich in decaying vegetation (Krieger, 1941) and may attack lignin.
Organic nitrogen sources used were L-asparagine, DL- lysine, L-tryptophane, DL-a-aminobutyric acid, DLglutamic acid, DL-methionine, DL-aspartic acid and mycelium changed from a highly branched form to single vermiform strands.
Effects of Other Factors
Initial pH. No growth in synthetic medium occurred after 7 days at an initial pH of 2.0, but at pH 2.5 and 6.5 traces of growth were observed (table 3). The highest yields were obtained when the initial pH was 4.5, but the lag phase of growth was shorter when the initial pH was 3.0 or 3.5. The final pH was between 5.2 and 2.1 in all cases where growth took place. The yields of dcy matter indicate that the pH optimum was fairly broad and probably lay between 5.0 and 3.0.
Phosphate concentration. As the phosphate concentration was increased from 0.5 to 6 g per L there was a slight increase in mycelial yield and a slight decrease in fat content. These changes were very small.
Aeration. There were no significant changes in yields as the air flow rate was increased from 0.5 to 2.0 L per min per fermentor. The optimum aeration rate was below 50 mM 02 per L per hr as determined by the sulfite oxidation method. This is somewhat lower than the value found for optimum cell yields of Saccharomyces cerevisiae (Olson and Johnson, 1949 (Reusser et al., 1957a) . The fermentative efficiency, about 21 per cent, calculated as a percentage of the original reducing substances, was slightly lower than that obtained on molasses media, but compared favorably with that reported for Agaricus blazei (Block et al., 1953) .
Essential Amino Acid Composition of the Mycelium
The tryptophane content of the protein (table 5) was considerably higher than that previously reported for yeasts (Prescott and Dunn, 1949 (Reusser et al., 1957a) . Recovery of the mycelium, by filtration rather than by centrifugation, was easier than with yeast. The flavor and aroma of the dried mycelium were observed to be distinctive and pleasant.
SUMMARY
The yields of dry matter, protein, and fat obtained when Tricholoma nudum was grown in submerged culture were studied under a variety of conditions. The organism utilized a large number of carbon and nitrogen sources. Ammonium tartrate was a satisfactory nitrogen source, though other ammonium compounds could be used if the buffering capacity of the medium was sufficiently high. Nitrate and urea depressed the protein content of the mycelium and altered its morphology. The yield of protein increased and the yield of fat decreased as the nitrogen concentration in the medium was increased.
The pH optimum was in the range 3.5 to 4.5. Changes in aeration rate or phosphate concentration, over the ranges studied, had little effect on mycelial yield or composition.
Molasses and waste sulfite liquor were satisfactory substrates. The essential amino acid composition of the protein was approximately the same for both substrates and was similar to that of fodder yeast.
